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MAIN LDGS OF SCTENTIFIC AND lECHKICAL RESEARCH AT IHE 
JET PROPOI5ICW RESEARCH INSTITUIE (RNH), 1933-19^2* 

Yevgeny S. Shchetlnkov (USSR)"^ 

Over a period of one generation rocket technology develo|>ed from elemental 
experiments to a branch of Industry that constitutes z rather large percentage In the 
state budget of all technically advanced coiaitrles. At first look it Mould seem that 
this rapid development of rocket technology stained spontaneously Just after Vbrld Visa* n. 
However, considering this problem more attentively, it is obvious that the rapid develop- 
ment of rocketry In tie USSR during the post-war years vaa due largely to pre-war activity; 
in particular, to Investigations conducted in the Jet Propulsion Research Institute 
(RNII). For this reason the history of this institu e is of special interest. 

The history of RNII conmenced on October 31, 1933. »<h«i the decree organizing 
the Jet Propulsion Research Institute was signed, creating in Moscow the first state- 
owned rocket research facility. RNH resulted from merging two rocket organizations: 
the Leningrad dasodynamlcs Laboratory (GDL) , and the Moscow Gkmip fen* Study of Jet 
Propulsion (GIRD). Solid-propellant roclrets were developed In the GDL fTom the beginning 
of its reorganization in 1927. Shortly thereafter, work began on Jet-assisted take-off of 

t- 

aircraft and liquid propellant mnglnes (generally with nitric acid as the oxidizer). 

In GIRD, projects of liquid-pn^llant rockets (generally with oxygjen as the oxid iz er) , 
ram Jet engines, rockets with and without wings, and rocket planes, were designed and 
investigated. 

As the leading specialists of GDL and GIRD began to woric in this new organiza- 
tion, these trends were continued in RNII. Thus, RNII was a collective of enthusiast- 
^clalists in rocketry who believed In the great future of rocket technology, and. In 
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spite of a lack of funds, pursued Intensive theoretical and practical studies. R.1I mbs 
a real research and develc^nmt organization that had at its dl^sal test facilities, 
scientific laboratories, worit-shops, a fU^it test station, and launch complex. Hie 
scientific and technical board of the Institute met regularly. Scientific confer«ices 
were organized, and numerous scientific ps^iers published. Over a period of 10 years, in 
flact, more than 120 papers were published in 19 edltlcns and monographs. Many ^leclal 
reports (on the order of some hundreds) ap^ieared, related to various cmcrete projects. 

Hie projects cocipleted in RNII were of different types. Hie purpose of some of 
them Involved the practical application of rockets in the defense of the cojntry. Many 
other projects dealt with the possibility of manned space fli^. Various subjects of 
theoretical and applied sciences in rocketry were also studied (for exanple, proolems 
of the gas dynamics, heat and mass transfer, etc.). Hie trends of RNII activity are 
considered briefly below. 

SOUH-PROPEIIANT ROCKETS AND TOEIR APPLICATiai IN 
ORWIANCE AND AVIATICN 

Hie fundamentals of chemical ccopositlon and production of homogeneous solid- 
prcpellant charges were developed in the GDL by V.A. Tildioinlrov, B.S. Artemiev, 

B.S. Petropavlovsky, G.E. Languemac, and others. Hie technology was Improved in RNII, 
and Yu. A. Pobedonostsev, L.E. Shvarz and other scientists achieved significant success 
In the d3sl0i of charges and chambera. 

Hich attention centered on the problem of practical ordnance applications of 
solid-propellant rockets. A series of rocket missiles of 82 and 132 im caliber were 
developed for launching from the ground or alrcrsift (Figure 1). Hie first successful use 
of these missiles from aircraft occurred in 1939 during combat c^)eratlons at 
Khalkhlm-Gol.^ 

Tb Inprove the aerodynamic characteristics of rocket missiles, engineers ccht- 
structed the first Soviet si^jersonlc wind tunnels In RNII under the direction of 
Yu.A. Pobedonostsev and M.S. Klsoiko. Among them, the ejection-type wind tunnel of kOO nm 
diameter should be noted. Figure 2 shows a missile model in one of the first wind 
tunnels constructed in 193^-35. 

Nimerous studies were also carried out to IjTprove rocket missile accuracy, 
vdilch still left much to be desired. Slgiif leant progress was achieved in this field, and 

^See Yuri A. Pobedonostsev, "On the History of the Development of Solid- 
Propellant Rockets in the Soviet IMlon," in this Volune — Ed. 




rockets of different tj?es were soon put 'Into service by the Red Array. However, the 
accuracy of rocket missiles remained ccaislderably Inferlar to that of conventional artil- 
lery; it was the most vulnerabl;i point of this type of weapon. Naturally, a suggestion 
arose: use rocket missiles for blanketing fire. 1b meet that need, the section of 
I. I. Ovay (RNH) began to develop nultlbarrel rocket units. Uws, the famous •*I6ityusha," 
used extensively during Wbrld War n, appeared (Figure 3)» 

one inportant a^^t of the p:<actleal application of solid-propellant engines 
involved the Jet-assisted take-off of aircraft— a conc^t »Mch had been tested earlier 
in (Ml under the direction of V.I. Dudakov. In I9III the Jet-assisted take-off of the 
baiter 1B>1 was fblly develcped (Figure 4), reducing the takeoff distance 20-to-23 percent. 
V.I. Dudakov's section also developed Jet catapults. 

The studies of soUd-pi^'^’Pellant rockets conducted by HNII placed the USSR ahead 
of other graat powers in this field. Ihe war demoistrated that the quality of German 
lolld-piropellant rockets was considerably inferior, in ^Ite of the efforts in rocketry of 
some prcminent German sclaitists. 

UQUID-PROPELLAMT KX3®TS 

Another important trend in RCI activity was the developmait of efficient 
liquid-propellant rocket engines. These studies involved nitric acid engines (V.P. Glushko), 
and oxygen engines (M.K. Tlkhcxiravov, L.S. Dushkln and others). Very large, systematic 
studies were undertaken to Improve the performance and reliability of nitric acid engines 
and to improve design methods. Anraig other engines, the ORM-65 (170 kg thrust), and the 
ORW-52 (300 kg thrust) (Figure 5) should be noted. In spite of numaraus difficulties 
and failures (detonaticwi eiqjloslcxis at engine start, for exanple) the p erf ormance of these 
engines were brought up to the design values. Nitric acid engines were developed further 
In 1938-41. In this period the RDA-1-150 (150 kg thrust) ard DlA-1100 (1100 kh thrust) 
engines were manufactured. The high level of development achieved with this type of 
engine is substantiated ly the fact that they were Installed and cperated practically in 
all of the prototype vehicles developed at P9III in the last pre-war years (the rocket 
plane RP-318, ballistic rockets 521 and 604, the rocket fighter BI-1, and others). 

rftimerous Important results were also obtained in the field of oxygen rockets. 

In particular, it is of interest to note that the development of the modified engine 
OR-2 (100 kg thrust), vhlch had been startea by P.A. Tsander. Although wca*k temlnated 
in 1934, this engine was Installed in the winged rocket 216. The develcpnent of the 
engine series 12K (300 kg thrust, Figure 6) was initiated in 1934 by the specialists 
led by L.S. Dushkln. Engines of this type were installed in the rocket "Avlavnto." 

Figure 7 shows the engine 205 (100 kg thrust), developed in 1936-1937- Althou^ develop- 
ment of oxygen engines stopF>ed in the last pre-war years— and during the war— it resumed 
again after the war vrtien the success of oxygen rockets waj of world-wide significance. 
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BAIXISTIC IJQUID-PfWPEnmT ROCKETS 

Work on ballistic r<x:kets, or "long range rockets” (as they then :’e knowi) in 
HNII, was of an exploratory nature. Besides the oxygen rocket 09, which Imd been first 
launched by GIRD, the fll^t te.sts of the rockets 07 and 10, the rocket "Avlavnto" with 
tte engine 12k (Fd^e 8), and others, were realized in the RNlx by P.K. Tikhorravov and 
his colleagues. In 1939~^0 ballistic rockets 521 and 60i) using the combined solld- 
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ppc^llanfc fflid nitrlc-acM englre (about 100 kg thrust) were developed aM tested by 
RKET (Figure 9). Rst^s of 19-20 te were obtained in these tests. It should be mted 
that not cstily slr^e roclcets tere tested, but 8-1^1 rockets were tested In series. 
Unfortunately, these prcariLslng Investigations ceased at the teginnlng of the war because 
the funds needed to ijBprove the aceuraoy and reliability of this type of rocket were 
ailable. 


(Srains of solid fuel were Introduced into the crrabustion chanber of the nitric- 
acid engine 5 \xpcm ignition of the p*ains, a short but strong thrust lB|>ulse occurred. Tte 
gyalns havtag bimed out, the nitric-acid aM kerosine mve introduced autcssatically into 
the eoBjtwstion chsober and the engine began to vrork as a llquid-prcpellant one. 
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WINGED LIQUID- AND SOLID-PROPELLANT PACKETS 

Over the period of 1933-39, RNII also developed winged liquid- and solid- 
prcpellant rockets. The main purpose here was to investigate the flight dynamics of 
wL'^ed Jet vehicles with a large thnist/wel^t ratio, and the practical aK>llcation of 
these rockets In air defense and ordnance systans (ccnpitations showed that for a short 
flight rangp the initial weight of a vrtnged rocket was lower than that of the ballistic 
one'. 

In 1933-3b the rocket - (80 kg Initial weight), powered by the liquid oxygjai 

engine 02 (OR-2) and equipped w5 > autopilc '3S-2, was developed under the guidance of 
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the authoi* of this p^per*. A drawing of this rocket is presented In Figure 10. The 
gjrroscqpe autopilot GcPS-2 developed in HNII by S.A. Plvovarov controlled the elevator 
and ailerons. Rjt the first tlrae in the USSR, Initial acceleration of the rocket 216 at 
launch was provided by a solid-propellant rocket catapult. A drawing of the catapult 
launching truck appears in Figure 11. Five 216 rockets were tested, but their trajectories 
and ranges mre far fron the design values because of the low reliability of the 
subsystOTS. 

Specialists paid considerably more attention to the reliability of the subse- 
quent winged rocket 212, developed by S.P. Korolev. The iredel of this rocket Is shown 
on the launching truck in Figure 12. The nitric acid engine ORti-65 was Installed in this 
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rocket, which was equipped with the autc^ilot GPS-3 to ccaitrol the elevator, rudder, ard 
ailerons (Figure 13'. Numerous bench tests to adjust the systems of the rocket 212 were 
carried exit. IMfortunately, only two rockets were prepared for launchlrig Ln 1939. It 
could not be expen^ted, of course, that the rocket’s r^erfoirance would be brought up to 
design values by launching such a small "series’* of roci^ts. 

In additicxi to winged rockets with liquid-propellant enrfnes, air defense vringed 
rockets with solid-propellant engines were developed in 1935-33 under guidance of 
M.P. Dryazgov. Winged rockets of different aerod,vnajnic conflr.c^nions were tested 
(Figure W). Better stability characteristics obtained for th-e f< rocket 

217/11 with a low aspect ratio. In 1937-38 RNII conducted net;otiationi' v.lth a specialized 
experimental desi^ bureau for the radio-controlled autv.. iio;.* rmci hcrirr hicads which 
were supposed to be Installed in tl^se rockets. In 1938 the theory of contralled v/inred 
rocket fli^t developed by ?*i.P. I^azgov appeared. 
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(Pigure 175, contimed develcpssents in tMs prc®ram. Hie DM-1100 engl» CllOO kg thrus' 
also developed in RMII, i^as installed In this aircraft. Bakhehlvandzy piloted the first 
fllgiJt of tte BI-1 on rfe^' 15* 19^2. Ifewever, an atterrpt to Increase the flight speed 
resulted In his death, Atreng the factors which iray have been responsible for this 
catastrophe was the poor knowledge of the air cotisressibility effect on aircraft control' 
lability; in particular, the dangereus shift of the center of pressure rearward was not 
yet krown. 


cosausioN 


IMs review of the basic trends of Mil activity arri tte list of wsrks carried 
out In 1933-M2 is far from complete. In pitrtlcu'Lar, the studies of ram Jet and pulse Jet 





engines, llquM- and solid~prc^llant gas generators, autciratic control systesjs for Jet 
vehicles, etc. , have not been ccnsldered. V/hat were the main reailts of this RMEI 
activity In the period of 1933-^2? Evident success was achieved in the field of rocket 
missiles ("Katyusha"), and Jet-assisted take-off of aircraft, as the desi^i parameters 
were realii.cd; these systans played an Inportant role durir^ World War II. liiou^ other 
projects were not conpleted, valuable scientific and technological results were obtaired 
in the pjtocess of the research and develofsnent. A gr®it reserve of knowledge for future 
studies was provided, experieraie gained in the field of production technology, and design 
and test techniques related to varlcsas Jet vehicles and engines perfected. 

But perhaps the most valuable result of RNII pre-»rar activity was the training 
of scientific and technological, cadres that later brought the ur^srecedented progress In 
Soviet rocket technology after the mr. We mean specifically tte nechanics and test 
engineers, designers and mathematicians, scientists and project managers. 



